Abstract: In the nineties, numerous studies began to highlight the problem of the increasing number of people with Alzheimer's disease in developed countries, especially in the context of demographic progress. At the same time, the 21st century is typical of the development of advanced technologies that penetrate all areas of human life. Digital devices, sensors, and intelligent applications are tools that can help seniors and allow better communication and control of their caregivers. The aim of the paper is to provide an up-to-date summary of the use of technological solutions for improving health and safety for people with Alzheimer's disease. Firstly, the problems and needs of senior citizens with Alzheimer's disease (AD) and their caregivers are specified. Secondly, a scoping review is performed regarding the technological solutions suggested to assist this specific group of patients. Works obtained from the following libraries are used in this scoping review: Web of Science, PubMed, Springer, ACM and IEEE Xplore. Four independent reviewers screened the identified records and selected relevant articles which were published in the period from 2007 to 2018. A total of 6,705 publications were selected. In all, 128 full papers were screened. Results obtained from the relevant studies were furthermore divided into the following categories according to the type and use of technologies: devices, processing, and activity recognition. The leading technological solution in the category of devices are wearables and ambient noninvasive sensors. The introduction and utilization of these technologies, however, bring about challenges in acceptability, durability, ease of use, communication, and power requirements. Furthermore, it needs to be pointed out that these technological solutions should be based on open standards.
INTRODUCTION
Developed countries are currently undergoing demographic changes which entail the rising number of senior citizens. This particular demographic group is prone to suffering from numerous chronic diseases. The link between old age and chronic disease is illustrated [1] , according to which up to 19 million people provide day-to-day primary assistance to their elderly family members.
As for Alzheimer's disease and other dementia patients, the costs of treatment and care for these patients are projected to increase from the estimated 203 billion USD to the whopping 1.2 trillion USD per year in the United States by the year 2050 [2] . The challenge of the ageing population *Address correspondence to this author at the Department of Economics, Faculty of Informatics and Management, University of Hradec Kralove, Rokitanskeho 62, 50003, Hradec Kralove, Czech Republic; Tel: + 420 737 928 745; E-mail: petra.maresova@uhk.cz and the increasing number of AD patients means that the society in general and individual families in particular need to be prepared for an increased economic and psychological burden. On the other hand, the 21 st century saw an unprecedented rise in the development of advanced technologies that enter all aspects of our lives, including healthcare.
There are already a number of technologies in use, including digital devices, smart sensors, and intelligent applications, that assist elderly people with their everyday needs in their own homes. Developing a strategy for an integrated technological solution would resolve many issues faced by elderly patients and would lead to improving their quality of life, health, and safety [3] [4] [5] [6] .
Even the simplest technology tools offer Alzheimer's patients a great degree of help. To begin with, reminders in the form of messages can be recorded on a device at home and then played back out loud at the appropriate time. Some devices can even play messages based on the person's activity.
Medication management technology can be as simple as a pillbox marked with days of the week or as high-tech as automated pill dispensers which beep and open to remind caregivers and those with dementia to take their medication [7] .
For dementia patients, wandering outside of their homes unattended can present a serious issue, which is where GPS location and tracking devices come in to solve such emergency situations promptly [8] . More advanced tools include picture phones, which are specifically designed for people who cannot remember phone numbers and may need to contact someone quickly [9] . Some of the phones come with transparent buttons where photos can be placed, so that the person can just push the button associated with the photo to make a call easily.
More complex tools still in the research phase include monitoring the use of common electrical appliances and making sure their user does not forget to switch them off; also, home monitoring solutions using sensors, cameras, and scanners are being developed [10] .
Technological solutions are divided into different groups according to their use. e.g., four main groups of ambient assisted living (AAL): daily task facilitation, mobility assistance, healthcare and rehabilitation, and social inclusion and communication have been introduced [11] . Ranasinghe et al. distinguish the application of motion systems, health monitoring, and activity recognition. Chan, Marie et al. propose grouping technology solutions into four categories: invasive wearable, non-invasive wearable, combined and others. This approach is important from the technology point of view because wearable or other invasive sensors have bigger concerns regarding their reception by patients (battery issues, technology acceptance). There is a whole range of categorizing options that usually take into account either the nature of the technology or the needs of senior citizens. The authors of this study consider technological solutions to be hardware, software, services, and sensors that are used as a single package for one or more purposes. Technology solutions for people with Alzheimer's disease fall under the assistive technology group of technologies and include information and communication technologies (ICT), sensor devices, actuators, and sound devices. This paper aims to present an up-to-date overview of technological solutions available for assisting elderly patients suffering from Alzheimer's. To start with, the challenges faced by these patients and their caregivers are specified. Then, a review of technological solutions on the market is performed. Finally, both the benefits and the drawbacks of technology-assisted treatment and care for Alzheimer's patients are discussed.
METHODS
This scoping review is performed to identify and summarize up-to-date advances of technological solutions for improving the health and safety of senior citizens living with Alzheimer's disease.
Search Strategy and Eligibility Criteria
During February 2018 four investigators performed a systematic literature search of the Web of Science, PubMed, Springer, ACM digital library and IEEE Xplore digital library. The period of interest covered the years from 2007 to 2018, and the electronic search included the following keywords: Alzheimer's disease, dementia, ambient assisted living, technology solution, software, wearable sensors, and smart home.
In the Web of Science database, 301 studies were identified. Only two types of documents were considered eligible for the purpose of this study: "article" and "review". It reduced the initial set of papers to a total of 172 research articles, which were selected for further processing. For the PubMed, ACM digital library, Springer and IEEE Xplore, a semi-automated framework or aiding surveys was used [13] . The framework first used the search tools of the libraries with the following keywords: Alzheimer solutions, Alzheimer technology, Alzheimer sensors, Alzheimer AAL, Alzheimer assisted, and Alzheimer ICT. Then, after eliminating duplicate records from the retrieved papers, it analyzed the title, abstract and keywords section of each paper evaluating whether any of the following properties or their synonyms (listed in parenthesis) are mentioned: AAL (or assisted and ELE -Enhanced Living Environment), Alzheimer, sensor (or hardware and device), software (or algorithm), solution (or product) and technology.
The paper distribution per year and property (keyword) is presented in Table 1 .
A total of 6,404 publications from the databases were selected according to the properties. From the automatically analyzed publications, those that contained at least 4 of the properties were selected for further processing. The false positive papers that contained the relevant properties, but after manual inspection were found not to be relevant and were discarded. The total number of publications selected for further processing was 107 papers and articles. The set of articles for further processing from both the manual and semi-automated search was further reduced to the final number of 17 full-length papers, following initial paper screening, which excluded papers not related to the topic of research as described below.
Data Extraction and Study Quality Evaluation
Four researchers working independently extracted from each publication the following data: author, the title of the study, country, and type of study. A study was eligible for the inclusion if the following criteria were met:
• Published after 2007.
• Described the use of technology solutions for senior citizens with dementia, where Alzheimer's disease is also included.
• Described the use of technology solutions for everyday activities for people with Alzheimer's disease.
• Described the efficiency of technology use for patients with Alzheimer's disease.
• Written in English language.
A publication was excluded if:
• Written in another language than English.
• Described a theoretical model and approaches to suggested solutions (algorithm, mathematical model, statistical model).
• Focused on a technical description of the solution (e.g. use of Brain-Computer Interface, hardware computing, system architecture, sensor design).
• Described systems for the diagnosis of the disease.
• Described healthcare management systems.
The process of publication search and information selection is presented in Fig. (1) . Fig. (1) . Publication search process.
RESULTS

Specific Needs of Senior citizens with Alzheimer's Disease
The onset of this disease and other dementias is first noticeable in minor behavioral changes of the afflicted person [14] . Further on, patients experience difficulties with shortterm memory, learning, counting, and decision making. Alzheimer's disease primarily affects the patient's mental abilities, eventually to the extent that the patient struggles to understand and make himself or herself understood. Soukup et al. (2013) [15] , pointed out that the loss of mental abilities is radical and progresses fast. Individual symptoms of Alzheimer's disease may vary from patient to patient, depending on the patient's personality, lifestyle, and overall health condition. While AD is traditionally divided into three stages, early, mild, and advanced, not all patients experience a clearcut progression from one stage to another [16] . Symptoms manifested by the patient may not always correspond to the particular stage of the disease, and not all symptoms must be manifested. In general, the transition from one stage to another may take several years. Patients in different stages of the disease have different sets of requirements, which are summed up in Table 2 .
Patients suffering from AD benefit from a safe physical environment, which inspires in them confidence, promotes independence and ensures their safety. Rather than the physical quality of the environment, its pleasantness and general feel as perceived by the patient are important. AD patients may feel best in their own homes, provided that they are supported by technological solutions which assist them with their everyday tasks. These solutions are also the focus of this study.
Technological Solutions for Senior citizens with Alzheimer's Disease
Current technological solutions for improving health and safety for senior citizens with Alzheimer's disease are described in Table 3 . For each study, the type of technology, the main findings, the link to the AD stage, and also the limitations of the studies are described.
Based on their physical characteristics, technological solutions are divided into four groups: wearable, non-wearable invasive, non-wearable non-invasive, and others. This categorization is also used to describe other features of the de- vices in the studies under analysis. These studies are characterized by the types of devices, processing, activity recognition and use-cases. Only 11 studies are included. Four review studies and two original articles were excluded because of the unavailability or irrelevance of information for these categories. The characteristics of the selected studies are presented in Table 4 .
Based on the reviewed papers, most of the technological solutions for senior citizens with Alzheimer's disease are focused on monitoring the patients and improving the working conditions of their caregivers. Several of the systems are also equipped with activity detection that is conducted with different methodologies, such as machine learning, ontologybased classification, and rule-based classification. The types of sensors used for the reviewed systems varied based on their application and included both wearable sensors and ambient sensors (invasive and non-invasive). As to the type of device, the most popular technological solutions are wearable devices (8 studies) and ambient non-invasive sensors (7 studies). With respect to processing, the most common solution is processing on a local computer or ad hoc (5 studies). Finally, as to the type of use, the most commonly discussed are devices for activity detection and monitoring (8 studies). The application of technological solutions is not limited to senior citizens with Alzheimer's disease only since some of the examples in the reviewed literature also discussed technological solutions for evaluating and improving the status of caregivers and for e-learning. 
DISCUSSION
The reviewed papers indicate that the use of technologies for support and care for people with AD is growing. The papers reflect a great diversity of technological solutions for senior citizens with AD; both solutions that are already available and solutions under development. The analyzed literature implies that the most desirable feature for smart homes of AD patients is monitoring the patient's vital signs and changes in health condition via wearable devices [18] . Chan et al. [19, 20] also confirmed the continuing challenges in the application of technological solutions, including a lack of clinical evidence and, furthermore, an insufficient understanding of sociocultural aspects, such as differences among groups and the acceptability of technological devices for the patients and their caregivers. Ultimately, technological solutions have an undeniable potential in promoting safety and rehabilitation of patients, preventing their social isolation, and prolonging their autonomy, thus avoiding their premature institutionalization [12] . For caregivers, there is evidence to suggest that since the introduction of telecare into their caring situation, they have benefited from more peace of mind, a better night's sleep, improvement of the relationship with the person(s) they cared for, the opportunity to continue with activities they might otherwise have to give up, the ability to remain in paid employment in some cases, and more confidence about the safety and comfort of the person they cared for. The essential benefits and limitations of technological solution for people with Alzheimer's are described in Table 5 . From the technological point of view, the greatest challenge is presented by the acceptability, durability, ease of use, communication, and power requirements of these wearable devices. Moreover, standards that are related to specifying elements of assistive living technology are almost unavailable for the system developers [21] . Many authors agree that assisted living systems should be based on open standards that combine cloud-based IoT, web service approach, and medical limitations [22] [23] [24] . The cloud collects data from multiple sources and processes the data. Data from external sources can be collected and processed by the global data fusion component. The cloud can process data from multiple locations and create machine learning models. The output is a continuously improving knowledge base. This knowledge base is used for services such as creating customized recommendations for diet and exercise, improving diagnostics systems, providing updates to health providers, and adding further information in medical databases.
The most important requirements that should be satisfied by the system include security, privacy, high availability, and operability. Security and privacy challenges can be addressed by implementing best practices to protect the network and the data. Redundancy and automatic failure are needed to provide high availability, especially in cases where the health care recipient's life depends on the assisted living system. The increased complexity requires that ensuring components be connected and interoperable by using frameworks intended to ensure mutual compatibility.
The nodes closest to the devices or things are called edge nodes. In healthcare systems, these nodes can be smart ehealth gateways. The gateway serves as a bridge for medical sensors and home/hospital building automation appliances to IP-based networks and cloud computing platforms.
As to the social aspect of this topic, research suggests that senior patients and their caregivers are willing to accept technological solutions and, after overcoming the initial hesitation, are ready to actively use them. In this respect, it is essential for the technological solutions to be easy to operate and easy to carry around. Surveys investigating the attitudes of elderly patients to new technologies show that they appreciate the benefits of the technology and comparatively easily accept non-intrusive devices and tools. Intrusive gadgets and wearables are not universally popular. The target group, however, values the increased autonomy, independence, safety, as well as the social connectivity that these devices bring [25, 26] .
CONCLUSION
Due to the aging of the population and the increase of people with Alzheimer's disease, the use of technological solutions for these people becomes significant. Although, on the one hand, the amount of technological solutions is growing rapidly among people with dementia and their caregivers, enthusiastic about using technologies to keep their independence, improve their cognition, mood and social functioning and lessen service use; on the other hand, this increased availability and use is hindered by legislative aspects and greatly challenged by the diversity of governmental approaches in individual countries.
The priority given to assistive technology by different local authorities varies and there is no national guidance on how assistive technology should be provided. In some areas (e.g. rural), people with Alzheimer's disease have much poorer access to assistive technology than patients living in other areas (e.g. urban areas). Another related aspect is the question of awareness of formal and informal caregivers about technological solutions. Advisers or other relevant staff within services for senior citizens living with Alzheimer's disease should be provided training concerning assistive technology. This would allow them to better inform people with dementia and their caregivers of products that may assist their care and also signpost them as to how they can access assessments for assistive technology. However, there is much work still to be done to raise awareness amongst health and social care professionals, and this must be addressed to ensure that the potential of assistive technology is recognized.
The use of wireless devices and storage of information on the internet also leads to potential security concerns. Furthermore, privacy and ethical issues are raised when these technologies are applied for assessing exposure to environmental stressors. Issues of data ownership and data protection need to be clarified and structured to allow ubiquitous environmental health monitoring to become an everyday reality. Many devices and apps identified in this article are available to the public, and people must agree to terms and conditions regarding their privacy associated with the use of these products.
It is therefore recommended that practitioners, policy makers, care insurance and care providers should work together with technology developers and researchers to prepare strategies for the implementation of assisting technologies in different care settings. This may help future generations of persons with dementia to use available and affordable technologies and, ultimately, to benefit from them. Conclusions drawn, and analyses made in this study are applicable to other forms of dementia and not limited to Alzheimer's disease only.
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